Abstract-A novel carbonaceous adsorbent with heavy metal removal from aqueous solution was prepared from rice husk using sulfur impregnation. The rice husk was immersed in 0.05 -3 M K 2 S solution to prepare sulfur-immersed materials, and the immersed-materials were heated at 100 -700
o C in nitrogen gas to produce the sulfur-impregnated carbonaceous adsorbent by pyrolysis. The contents of carbon and sulfur in the adsorbent and abilities of adsorbent to remove heavy metals from aqueous solution were examined. The product prepared from rice husk immersed in 1 M K 2 S solution by pyrolysis at 300 o C indicates a maximum removal for nickel ion. This product has the removal ability of the heavy metals, Ni 2+ Index Terms-Rice husk, sulfur-impregnated adsorbent, pyrolysis, heavy metal removal, wastewater treatment.
I. INTRODUCTION
Heavy metals are used widely in a vast array of industrial activities, and their subsequent release into the environment through wastewater has become a threat to human and local environment because they are not biodegradable and tend to accumulate in organisms, which can cause various diseases and disorders [1] , [2] .
Several methods are offered for heavy metal ion removal from water which include electrochemical methods [3] , photocatalytic reaction [4] , membrane filtration [5] , [6] , chemical precipitation [7] , ion exchange [8] , [9] and adsorption [10] , [11] , but most of these techniques have limitations such as high cost, complicated treatment processes and high energy requirements, or they risk introducing secondary pollution [12] . The adsorption treatment has attached much consideration in the past decades due to its cost-effectiveness [13] , high efficiency, environmental compatibility and ease of operation [14] . The adsorption efficiency is certainly dependent on the adsorbent properties, and providing an adsorbent, which is industrially viable, cost effective and environmentally comparative, for the removal of metal ions from aqueous solutions seems to be so vital.
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Rice husk is an agricultural waste that incurs annually at 545 million tons, accounting for about one-fifth of the annual gross rice production of the world [15] . Rice husk contains a high proportion of cellulose, and has many functional groups such as hydroxyl that can bind metal ions. The adsorbents on the base of rice husks have the advantages of ecological safeness, origin from a board source of raw materials, high mechanical strength and low costs. However, many of the naturally available adsorbents have low metal removal and slow process kinetics. Therefore, it is necessary to develop innovative inexpensive adsorbents with good affinity towards metal ions, and surface functionalization technology has been proven to be very effective.
In previous studies, sulfur-impregnated adsorbents with high removal abilities for heavy metals were prepared from waste biomass using K 2 S solution immersion and pyrolysis [16] - [18] . According to the Pearson theory, the sulfur, as a soft base, should interact with heavy metals such as Zn 2+ , Pb 2+ , Cu 2+ and Ni 2+ (soft acids) rather than with hydroxyl oxygen (a hard base) in biomass or the activated carbon [19] , [20] . From these results, it would be possible to produce a low cost heavy metal adsorbent from agricultural wastes, such as rice husk, and could be applied to remove the metal ions from wastewater.
In this study, we attempted to prepare a carbonaceous heavy metal adsorbent from rice husk using sulfur-impregnation, and estimate its removal ability for heavy metals in aqueous solution with various pHs.
II. MATERIALS AND METHODS

A. Rice Husk
Rice husk, which was collected from one of the fields in Akita prefecture, Japan, was washed with distilled water, and dried and stored for use. Properties of rice husk sample are shown in Table I . All reagents used in this study were purchased from Wako Chemical Co., Japan at analytical grade. B. Preparation of Adsorbent 20 g of sample was immersed in 200 mL of K 2 S solution with 0.05 -3 mol/L for 24 h, then filtered, and dried in a drying oven overnight to obtain sulfur-immersed samples. These samples were pyrolyzed using a horizontal reactor ( Fig.  1 ) as follows. Sulfur-immersed samples were put in a ceramic board, and installed in a transparent quartz tube of 0.45 mm inside diameter and 1 m in length. Before pyrolysis, N 2 gas was injected into the tube for 30 min at a rate of 1.0 L/min to replace the air in the tube. The product was heated in an electric furnace at 100 -700 o C for 1 h, with a continuous flow of N 2 gas at a rate of 1.0 L/min. After heating, the solid was cooled to room temperature with a steady N 2 gas flow (1.0 L/min) in the tube, then washed with distilled water and dried in a drying oven overnight to obtain the sulfur-impregnated adsorbent (Product). The crystalline phases in the samples were identified using powder X-ray diffraction with monochromate CuKα radiation (Ultima IV, Rigaku, Japan). The contents of carbon and sulfur in the sample were analyzed by CHNS/O elemental analysis (2400II, Perkin Elmer, Japan). The abilities of the product for removal of nickel ion from aqueous solution were examined as follows. 0.1 g of the sample was added to 10 mL of Ni(NO 3 ) 2 solution with 10 mM in 50 mL centrifuged tube, and was shaken in a reciprocal shaker for 24 h. After shaking, the slurry was centrifuged, and the pH of the supernatant and the concentration of Ni 2+ in the supernatant were measured using a pH meter (pH/Ion meter D-53, Horiba, Japan) and inductively coupled plasma emission analyzer (SPS 5510, SII Nanotechnology Inc, Japan), respectively. The removal ratios of Ni 2+ were calculated using the following equation: 3 with the concentration of 5 mmol/L. Before the removal test, pH of the solution was adjusted using HNO 3 or NaOH solution. 0.1 g of the prodcut was added into 10 mL of each solution with various pH in a 50 mL centrifuged tube, and was shaken with a reciprocal shaker for 24 h. After shaking, the slurry was centrifuged, and pH of the supernatant and the concentrations of each metal ions in the supernatant were measured to calculate the removal ratio, R, using the equation (1).
The selective removal of various metals using the sulfur-impregnated adsorbent was studied using a mixed aqueous solution of Ni(NO 3 ) 2 3 , with each concentration of 5 mmol/L. Before the removal test, pH of the mixed solution was adjusted to 1-10 using HNO 3 or NaOH solution. 0.1 g of the adsorbent was added to 10 mL of the mixed solution with various pHs in a 50 mL centrifuged tube, and was shaken in a reciprocal shaker for 24 h. After shaking, the slurry was centrifuged, and the pH of the supernatant and the concentrations of heavy metal ions in the supernatant were measured to calculate the removal ratios of each metal ion, R, using the equation (1).
III. RESULTS AND DISCUSSION
A. Sulfur-Impregnated Adsorbent Effect of pyrolysis temperature on the properties of the product was examined. Fig. 2 shows the XRD pattern of raw rice husk, sulfur-immersed rice husk immersed in 1 mol/L K 2 S solution for 24 h, and the product pyrolyzed at 100 -700 o C. The peaks of cellulose were indicated in rice husk, sulfur-immersed rice husk and the product pyrolyzed at 100 o C and 200 o C, while those in the product pyrolyzed above 300 o C are decreasing to indicate broad pattern. It means that cellulose structure was decomposed at pyrolysis above 300 o C to form amorphous structure in the product. Fig . 3 shows the contents of carbon and sulfur in rice husk, sulfur-immersed rice husk, and the product pyrolyzed at 100 -700 o C. The contents of carbon and sulfur in raw rice husk are 39.7 % and 0.7 %, respectively. The carbon contents of the samples after sulfur-immersion and pyrolysis at 100 o C and 200 o C are almost same as those of raw rice husk, while those in the products pyrolyzed above 300 o C increase to 70 % with increasing the pyrolysis temperatures. The sulfur contents of the sample after sulfur-immersion and pyrolysis at 100 o C are almost same as those of raw rice husk, while those in the products pyrolyzed below 300 o C increase to 3 % then decrease to about 2 % above 300 o C with increasing the pyrolysis temperatures. Effect of K 2 S concentration on the properties of the product was examined. Fig. 5 shows the contents of carbon and sulfur in the product pyrolyzed at 300 o C from rice husk immersed in 0.05 -3 mol/L K 2 S solution for 24 h. With increasing K 2 S concentration, carbon content is almost constant, while sulfur content gradually increases. Fig. 6 shows the removal of nickel using the product pyrolyzed at 300 o C from rice husk immersed in 0.05 -3 mol/L K 2 S solution for 24 h. With increasing K 2 S concentration to 1 mol/L, nickel removal of the product increases, and above 1 mol/L, that of the product is almost constant.
Removal of metal ions from solution onto the sulfur-impregnated adsorbent occur with the formation of a surface complex between functional groups of adsorbent and metals, proposed by Anoop and Anirudhan [21] , as follows; 2SH + M 2+ ↔ MS 2 + 2H + , where SH are polar sites on the carbon surface. M 2+ and MS 2 are the metal in solution and on the solid surface, respectively. It is considered that high amount of SH functional group can be formed on the surface of product to remove heavy metal ions when raw rice husk is pyrolyzed at 300 o C after immersion in 1 M K 2 S solution for 24 h. From these results, the carbonaceous adsorbent with the highest ability for nickel removal can be prepared from rice husk by pyrolysis at 300 o C after immersion in 1 M K 2 S solution.
B. Heavy Metal Removal
The influence of pH on the removals of Fe 3+ , Pb 2+ , Cu 2+ , Zn 2+ , Cd 2+ and Ni 2+ using the product obtained at 300 o C over a pH range 2 -9 is depicted in Fig. 7 are not occurred in this pH range, while Fe 3+ is present at pH 2 -4. The product indicated the removal of each ion, and the removal percentages of each ion depend on pH of the solution. The product is effective for the quantitative removal of all metal ions at pH 6 -7. As the pH increases from 2 to 6 -7, there is a sharp increase in the removal amount, and above pH 6 -7 the removal amounts are almost constants (over 95 %). Furthermore, pH dependences of the adsorbent for each ion removal indicate different behaviors. With increasing the equilibrium pH of the solution, the removal of Fe 3+ firstly increases to more than 90 % at pH 2 ( Fig. 7 (a) Removal of the product for heavy metal ions in the mixed solution are shown in Fig. 8 . The pH dependence of metal removal in the mixed solution is almost same to those in a single metal solution as shown in Fig. 7, and 2+ . This means that the adsorbent can be applied to heavy metal separation from the mixed solution by pH adjustment. The product exhibited excellent adsorption performance toward all metal ions, which may be due to the strong interaction between the SH group and metal ions in the mixed solution. It seems that the best pH for adsorption of all metal ions from the mixed solution is around 6. 
IV. CONCLUSION
The carbonaceous adsorbent with the removal ability for heavy metals can be prepared from rice husk using pyrolysis followed by sulfur immerse treatment. The product prepared from rice husk immersed in 1 M K 2 S solution via pyrolysis at 300 o C has a maximum ability for nickel ion removal. This product has the removal ability of the heavy metals, Zn 2+ . Therefore, the carbonaceous heavy metal adsorbent prepared from rice husk using sulfur-impregnation can be achieved, and the adsorbent can be applied to heavy metal separation from aqueous solution by pH adjustment. These findings may lead to the development of a novel sulfurized adsorbent for the application in the selective removal of heavy metal ions from large volumes of aqueous solution in environmental pollution cleanup. In addition to selective adsorbents, the novel carbonaceous adsorbent can also be applied to the preparation of novel metal catalysts through the immobilization of noble metal on the surface of adsorbent. 
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